Transmission electron microscopical observations were made on the vitelline structure of the digenean Brandesia turgida (Brandes, 1888) collected from crypts within the intestinal wall of the frog Pelophylax ridibundus (Pallas, 1771). Ultrastructural details of the vitelline follicles of B. turgida include: (a) the presence within the vitellarium of a single type of cell, i.e. vitellocytes at different stages of their development; (b) a narrow region between the vitellocytes filled with the processes of surrounding parenchymal cells; and (c) the occurrence of the junctional complexes between the vitellocytes and the surrounding parenchymal cells at the periphery of the vitelline follicles. It is shown that the vitelline globules and a few lipid droplets are the main inclusions resulting from vitellocyte synthetic activity. The limited amount of nutritive reserves in the vitellocytes can be explained by the nature of the parasite's life-cycle, which is characterized by fully-embryonated intrauterine eggs containing a fully-formed miracidium. Despite the small number of digenean species studied in relation to their vitelline cytoarchitecture, two structural patterns of the vitellarium can be elucidated; these are examined in terms of digenean systematic relationships.
Introduction
Brandesia turgida (Brandes, 1888) is an unusual species of digenean which lives in crypts within the intestinal wall of amphibians. It belongs to the family Pleurogenidae Looss, 1899, a group which is included in the large superfamily Microphalloidea Ward, 1901 along with 17 other families (Bray et al., 2008) . Ultrastructural investigations of vitellogenesis in the Digenea have previously been undertaken by Tulloch and Shapiro (1957) , Björkman and Thorsell (1963) , Burton (1963) , Koulish (1969) , Irwin and Thread-.... gold (1970) , Hanna (1976) , Grant et al. (1977) , Irwin and Maguire (1979) , Erasmus et al. (1982) , Fukuda et al. (1983) , Holy and Wittrock (1986) , Hendow and James (1989) , Podvyaznaya (1990 Podvyaznaya ( , 2003 , Sharma and Swarnakar (1992) , Chaymardanov and Tanyüksel (1995) , Sampour (2008) , Świderski et al. (2011 Świderski et al. ( ), Poddubnaya et al. (2012 and Greani et al. (2012a, b) . Although little attention has been paid to the study of the ultrastructural architecture of the digenean vitellarium itself, three aspects of vitelline cytoarchitecture have been suggested as possibly useful phylogenetic indicators for digeneans (Poddubnaya et al., 2012) and for parasitic platyhelminths in general (Poddubnaya et al., 2013) . These are: the number of different types of cells within the vitellarium; the presence and type of junctional complexes occurring between these cells; and the isolation of the vitellarium from the surrounding tissues. In relation to this, two different levels of the organization of the vitellarium within the Digenea have been shown. In one group, a single type of cell (vitelline cells at different stages of development) is present (Grant et al., 1977; Holy & Wittrock, 1986; Podvyaznaya, 1990; Świd-erski et al., 2011) , whereas in another group there are cells of two types (vitelline cells at different stages of development and interstitial cells) within the vitellarium (Irwin & Threadgold, 1970; Hanna, 1976; Irwin & Maguire, 1979; Poddubnaya et al., 2012) . In relation to this, no members of the family Pleurogenidae have been studied in terms of their vitelline ultrastructure, but, within the superfamily Microphalloidea, species of three other families, i.e. the Microphallidae (see Hendow & James, 1989; Świderski et al., 2011) , the Lecithodendriidae (see Podvyaznaya, 1990) and the Gyrabascidae (see Podvyaznaya, 2003) , have been investigated. In the present study, the ultrastructure of the vitellarium of Brandesia turgida (Plagiorchiida: Pleurogenidae), a parasite which lives in crypts within the intestinal wall of the frog Pelophylax ridibundus (Pallas, 1771) [=Rana ridi-HELMINTHOLOGIA, 50, 2: 119 -126, 2013 Ultrastructural characteristics of the vitellarium of Brandesia turgida (Brandes, 1888) (Digenea: Pleurogenidae) and an examination of the potential usefulness of such vitelline traits in digenean systematics bunda], is studied. Our aims were to acquire further information on the vitelline structure of the Digenea and to compare our findings with those known for other digeneans and especially other members of the superfamily Microphalloidea.
Materials and methods
Adult specimens of Brandesia turgida were obtained from the intestines of the naturally infected frogs Pelophylax ridibundus collected near the Rybinsk Reservoir on the Volga River, Russia. Live digeneans were fixed in 2.5 % glutaraldehyde in 0.1M sodium cacodylate buffer for 10 days, washed overnight in 0.1 M sodium cacodylate buffer at pH 7.4, postfixed in 1 % OsO4 in the same buffer for 1 h, dehydrated in a graded series of ethanol and propylene oxide, and embedded in Araldite and Epon epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate. Sections were examined using a JEOL-1011 transmission electron microscope operating at 80 kV. 
Results

Ultrastructural architecture of the vitelline follicles of Brandesia turgida
A small number of large vitelline follicles ( Fig. 1A ) are situated on both sides of the oral sucker. Each follicle contains only a single type of vitelline cell (vitellocyte) (Fig. 1A) . Such vitellocytes situated close together and at various stages of maturation can be observed throughout each follicle (Fig. 1A ). Narrow processes of the surrounding parenchymal cells extend deep into the follicle and surround each vitellocyte (Fig. 1B, C) . Occasionally, the limiting plasma membranes of the peripheral vitellocytes and those of the processes of the surrounding parenchymal cells run parallel, forming cell junctions resembling slitlike (or tight) junctions referred to as zonulae occludentes (for details of junctional complexes, see Roland et al., 1974) (Fig. 1 D -F) . 
Early vitellocyte development (stage 1)
These cells are characterized by a large nucleus with large heterochromatic islands, some of which are attached to the inner nuclear membrane ( Fig. 2A ). There is a prominent, spherical nucleolus. A narrow region of perinuclear cytoplasm is filled with free ribosomes, a few mitochondria and occasional profiles of granular endoplasmic reticulum (GER) (Fig. 2A) .
The appearance of vitelline globules in the vitellocyte (stage 2)
This stage of vitellocyte maturation is distinguished by the presence of numerous profiles of GER, which occupy the greater part of the cytoplasm of these cells (Fig. 2B) . Vitelline globules first condense in tiny microvesicles of the Golgi complexes and appear as small, spherical, electrondense bodies of 0.03 -0.1 µm in diameter (Fig. 2B, D) . Subsequently, the globules increase in electron density and size, and when 0.2 -0.5 µm in diameter acquire an electron-lucent rim (Figs. 2B, D) . In rare cases, the presence of two granules embedded in an electron-lucent sphere, forming a so-called cluster, can occur (Fig. 2B) . Such early clusters are ~0.4 µm in diameter.
Later vitellocyte development (stage 3)
An increased cytoplasmic volume of the developing vitellocytes is full of GER and Golgi complexes (Fig. 2C) .
Most vitelline globules accumulate in clusters, which can contain up to seven granules; these are angular in appearance as a result of their compression (Fig. 2C) . Between the heterogeneous electron-dense globules within the clusters, there is a narrow, electron-lucent space (Fig. 2C) . The diameter of these clusters is ~1 µm. Subsequently, the clusters coalesce, forming larger structures < 2.5 µm in diameter and containing up to 25 round, loosely packed globules (Figs. 2D, 3A, B) . Within such large clusters, the globules are variable in size, 0.15 -1 µm in diameter, and dense ribosomal-like particles can be seen between them (Figs. 2D, 3A , B). At this stage of vitellocyte development, lipid droplets (~1 µm in diameter) of moderately electrondensity can be observed (Fig. 3A, B) . The nucleus of the developing vitelline cells contains large islands of heterochromatin and a prominent, spherical nucleolus (Fig. 3A) .
Mature vitellocytes (stage 4)
The nucleus of mature vitellocytes occupies a central position within the cell, around which there are small areas of GER (Fig. 3C ). Similar areas of GER are also localized close to the cell plasma membrane, adjacent to which individual yolk bodies, lipid droplets and a few mitochondria can be observed (Fig. 3C) . Most of the cytoplasm contains numerous isolated vitelline globules, which are not organized into clusters but loosely packed, along with dense ribosome-like particles and individual lipid droplets (Fig. 3C) . No glycogen is apparent.
Discussion
Characteristics of the vitelline structure of members of the superfamily Microphalloidea
Based on the present study of the vitellarium of the pleurogenid digenean Brandesia turgida, characteristics of the vitelline ultrastructure of this species have been revealed: (a) the presence within the vitellarium of a single type of cell, i.e. vitellocytes at different stages of their development; (b) a narrow region between the vitellocytes filled with the processes of surrounding parenchymal cells; and (c) junctional complexes between the vitellocytes and the surrounding parenchymal cells at the periphery of the vitelline follicles (Fig. 4 A) . It should be noted that the vitellarium of two microphallids, Maritrema linguilla (see Hendow & James, 1989) and M. feliuli (see Swiderski et al., 2011) , and the lecithodendriid Paralecithodendrium ascidia (see Podvyaznaya, 1990 , as Prosthdendrium ascidia) has a similar vitelline cytoarchitecture to that of B. turgida. Although, with the exception of B. turgida, there was in these species no report of the presence of junctional complexes between the vitellocytes and the surrounding parenchymal cells. Nevertheless, in Gyrabascus amphoraeformis, a member of another microphalloid family, the Gyrabascidae, Podvyaznaya (2003, as Allassogonoporus amphoraeformis) indicated the presence of one type of cell within vitellarium and a boundary layer between the vitellarium and surrounding parenchymal cells. However, in our view Podvyaznaya's figure 6G , showing a vitelline follicle of G. amphoraeformis, does not support her opinion regarding the presence of a fibrous sheath around the follicles of this species. Thus, it appears that species of the microphalloid families so far studied, the Microphallidae, Lecithodendriidae, Pleurogenidae and, in our view, Gyrabascidae, have the same basic vitelline structure. According to Bray et al. (2008) , this superfamily is not defined on morphological grounds, as it is difficult to detect morphological synapomorphies. As the inclusion of many of the 18 families of this superfamily is based on molecular findings and the group contains a wide morphological variation, it has not been possible to develop an entirely reliable key. Judging from our comparative analysis, it is suggested that the vitelline pattern, characterized by the presence of one type of cell within vitellarium and without any isolation from the surrounding parenchymal cells, is a specialized vitelline structure present in those families of the Microphalloidea investigated so far. The present study of B. turgida has shown that vitelline globules and a few lipid droplets are the main inclusions resulting from the synthetic activity of the vitellocytes. The same types of inclusion have been indicated for vitellocytes of members of the other microphalloid families studied (Hendow & James, 1989; Podvyaznaya, 1990 Podvyaznaya, , 2003 Swiderski et al., 2011) . Moreover, for these species, the limited amount of nutritive reserves (only a few lipid droplets and little or no glycogen) in their vitellocytes can be explained by the nature of their life-cycle. These species are characterized by fully-embryonated intrauterine eggs containing a fully-formed miracidium. Consequently, the developing larvae obtain their nutrients directly from the parent worm, probably by the diffusion of the glucose through the shell during the egg's passage down the uterus (Hendow & James, 1989) . According to Ginetsinskaya (1968) , there is a direct correlation between the degree of development of the vitellarium and uterus in the Digenea which depends on the pattern of development of the miracidium. Worms with fully-embryonated intrauterine eggs possess a long uterus, in contrast to those where the development of the larva occurs after eggs-laying, which have a short uterus. It is interesting to note that mature vitellocytes of B. turgida are filled with loosely packed vitelline globules which are free within the cytoplasm and lack any organization into clusters. The same situation has been described for a microphallid by Hendow and James (1989) and, judging from published micrographs, also occurs in another microphallid (Swiderski et al., 2011) and a lecithodendriid (Podvyaz-naya, 1990 ). According to Hendow and James (1989) , this may be a general feature of the Microphallidae (and thus, in view of the above, possibly of the Microphalloidea) in which the vitellocytes rupture prior to eggshell production, in contrast to most other digeneans species, where entire nucleate vitellocytes are enclosed within the eggs. In addition to the microphalloids mentioned above, a similar vitelline cytoarchitecture has been found in a small number but wide range of digeneans, i.e. the diplostomid Pharyngostomoides procyonis by Grant et al. (1977) , the derogenid Halipegus eccentricus by Holy and Wittrock (1986) and the dicrocoeliid Dicrocoelium dendriticum by Chaymardanov and Tanyüksel (1995) . In a paper on a comparative study of the vitelline cells in four species of the schistosomatid genus Schistosoma, Erasmus et al. (1982) gave no indication of the ultrastructural architecture of the vitellarium, but, on the basis of their figure 'A' in plate 1, we could detect no fibrous sheath around follicles and only one type of cell within the vitellocytes.
Characteristics of another type of vitelline structure within the Digenea
In the gorgoderids Gorgoderina vitelliloba (see Irwin & Maguire, 1979) and Phyllodistomum angulatum (see Poddubnaya et al., 2012) a different type of basic structure of the vitellarium is found. This includes the presence of: (1) two types of cells within the vitelline masses (vitellocytes and interstitial cells, the latter with the same cytomorphology); (2) intercellular septate junctions between the interstitial cells; and (3) a fibrous sheath surrounding the vitelline masses (Fig. 4 B) . The same vitelline cytoarchitecture as occurs in the gorgoderids has also been found in the azygiid Azygia lucii by Poddubnaya et al. (2012) , in the fasciolid Fasciola hepatica by Irwin and Threadgold (1970) and Hanna (1976) , in the paramphistomid Orthocoelium scoliocoelium by Sharma and Swarnakar (1992) and in the haploporid Haploporus lateralis by Sampour (2008) . Finally, despite the small number of digenean species studied in relation to their vitelline cytoarchitecture, specific structural patterns of the vitellarium can be observed in certain digenean families or even superfamilies. It is shown above that there are two known variations in the vitelline ultrastructure within the Digenea (Fig. 4) . The question remains, is this difference of systematic/ phylogenetic significance or a feature of their biology? According to most authorities, e.g. La Rue (1957), Cable (1974) , Gibson & Bray (1994) , Galaktionov and Dobrovolskij (2003) and Olson et al. (2003) , the digeneans can be split into a small number (usually two) of phylogenetic branches (usually Orders). These groups are generally referred to as the Strigeida (or Diplostomida) and Plagiorchiida (or Echinostomida + Plagiorchiida). Evidence so far indicates that both types of vitelline structure occur on either side of this divide, although, in the case of the second arrangement, this depends upon the classification followed. However, a greater range of digenean families will need to be investigated before any definitive answer is possible.
